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(54) MEDIUM DETECTING METHOD AND DEVICE, AND PRINTER 



(57) A reference medium is scanned both with a me- 
dium sensor (44) capable of detecting a low-transmit- 
tance printing medium with high accuracy and with a 
medium sensor (45) capable of detecting a high-trans- 
mittance medium with low accuracy so as to find edge 
positions RyO, Ry1 of the reference medium. The differ- 
ence DiffO between the edge positions is calculated and 
stored as a correction value. If it is hard to detect a print- 
ing medium by means of the medium sensor (44), the 
medium sensor (45) is used to detect the medium, and 



the resulting edge position is corrected using the cor- 
rection value DiffO. In addition, for any given printing me- 
dium, a first driving level of a light source for outputting 
a predetermined output amount of the sensor (44) and 
a second driving level of a light source for outputting a 
predetermined output amount of the sensor (45) are cal- 
culated and, based on the difference between the two 
driving levels, the type of the printing medium is deter- 
mined. Thus, various types of printing medium can be 
read with high accuracy. 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to the detection 
of printing media such as a sheet of paper used on a 
printing device such as a printer or a plotter, and more 
particularly to the error correction of print positions. 

BACKGROUND ART 

[0002] On a conventional large-format printer or plot- 
ter, an operator usually sets a printing medium on the 
device and, then, a medium sensor provided on a print 
carriage detects the width of the medium and takes it 
into the device to detect its leading edge at a predeter- 
mined position. In that case, as shown in FIG. 3(a), the 
medium sensor is configured to detect the difference in 
reflectance between a platen 20 (FIG. 1 ) and a medium 
14. In this configuration, a large sensor spot, 2 - 3 mm 
in diameter, is used to detect any medium. 
[0003] In another configuration, a sensor is provided 
right above the medium 14 to detect an object directly 
as shown in FIG. 3(b). This configuration allows a light 
to be detected right above the medium 14, because a 
diffused light on the medium, which is a light emitted by 
an LED 31 and diffused on the medium 14, is detected 
via a lens 32 and a light-shielding cylinder 33. Therefore, 
this configuration minimizes the effect of the paper con- 
dition and allows to reduce the spot diameter down to 
about 1 mm, thus enabling high-accuracy medium de- 
tection. 

[0004] Although a sensor with the configuration 
shown in FIG. 3(a), which detects a light reflected on the 
printing medium, detects most media, its large sensor- 
spot diameter decreases the accuracy of the reading po- 
sition. 

[0005] In contrast, although a sensor with the config- 
uration shown in FIG. 3(b), which has a small sensor 
spot, reduces the unevenness in reading positions to 0.5 
mm or smaller, it cannot detect a medium, such as a 
clear film, through which light fully transmits. 
[0006] Therefore, it is an object of the present inven- 
tion to provide a medium detecting method and a medi- 
um detecting device, as well as a printer, that can read 
a wider range of printing media with high accuracy. 
[0007] It is another object of the present invention to 
provide a printer capable of determining the type of a 
printing medium. 

DISCLOSURE OF THE INVENTION 

[0008] A medium detecting method according to the 
present invention is for use in a printer wherein the meth- 
od detects an edge position of a printing medium while 
scanning the printing medium, the method comprising 
the steps of scanning a relatively-low-transmittance ref- 
erence medium with a first medium sensor and a second 
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medium sensor each to detect an edge position of the 
reference medium, the first medium sensor being capa- 
ble of detecting a relatively-low-transmittance printing 
medium with high accuracy, the second medium sensor 

5 being capable of detecting a high-transmittance medi- 
um with low accuracy; calculating a difference between 
the edge positions as a correction value; and if, when 
detecting any given printing medium, it is difficult for the 
first medium sensor to detect the printing medium, the 

w second medium sensor is used to detect the medium to 
correct a resulting edge position with the correction val- 

[0009] This invention allows a medium (edge position) 
to be detected with high accuracy regardless of the type 

is of medium. 

[0010] To implement the method described above, a 
medium detecting device according to the present in- 
vention is for use in a printer wherein the device detects 
an edge position of a printing medium while scanning 

20 the printing medium, the device comprising a first medi- 
um sensor capable of detecting a relatively-low-trans- 
mittance printing medium with high accuracy; a second 
medium sensor capable of detecting a high-transmit- 
tance medium with low accuracy; means for scanning a 

25 relatively-low-transmittance reference medium with the 
first medium sensor and the second medium sensor 
each to detect an edge position of the reference medi- 
um; means for calculating a difference between the de- 
tected edge positions; means for storing the difference 

30 as a correction value in a non-volatile manner; and cor- 
rection means for detecting the medium with the second 
medium sensor when it is difficult to detect the printing 
medium with the first medium sensor and for correcting 
a resulting edge position with the correction value. 

35 [0011] Preferably, this medium detecting device fur- 
ther comprises a medium detection unit that contains, 
in one housing 46, a light source that emits light onto 
the printing medium obliquely; a first photo-sensor that 
detects diffused light of the printing medium from right 

40 above the printing medium and that acts as the first me- 
dium sensor, and a second photo-sensor that accepts 
a light from the light source reflected upward and ob- 
liquely on the printing medium and that acts as the sec- 
ond medium sensor. Installing this medium detection 

45 unit on a print carriage eliminates the need for providing 
separate special scanning means. In addition, the mov- 
ing position of the medium sensor may be identified with 
an existing linear scale. 

[0012] The medium detection device may further 
so comprise medium determination means for calculating, 
for any given printing medium, a first driving level of the 
light source for outputting a predetermined sensor out- 
put amount of the first photo-sensor and a second driv- 
ing level of the light source for outputting a predeter- 
55 mined sensor output amount of the second photo-sen- 
sor and, based on a difference between the two driving 
levels, for determining a type of the printing medium. 
[0013] In addition, based on the determination result, 
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the device may further comprise a printing mode setting 
means for setting a print mode according to the type of 
the determined printing medium. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0014] 

FIG. 1 is a schematic external view of a printing unit 
of an ink-jet, large-format printer according to the 
present invention; 

FIG. 2 is a schematic side view of the medium path 

of the printer shown in FIG. 1 ; 

FIG. 3 is a diagram showing the configuration of a 

conventional medium sensor; 

FIG. 4 is a diagram showing the configuration of a 

medium detection unit used in an embodiment of 

the present invention; 

FIG. 5 is a control block diagram showing a printer 
in the embodiment; 

FIG. 6 is a circuit block diagram showing an exam- 
ple of the configuration of a medium sensor circuit 
215 using a medium detection unit 21 shown in FIG. 
4; 

FIG. 7 is a waveform diagram showing an example 
of output signals of the medium detection unit 
shown in FIG. 4; 

FIG. 8 is a diagram showing the principle of auto- 
matic medium type determination used in an appli- 
cation of the present invention; 
FIG. 9 is a flowchart showing a processing proce- 
dure for the sensor correction mode in the embod- 
iment of the present invention; 
FIG. 1 0 is a flowchart showing a procedure for de- 
tecting a paper edge based on sensor correction 
values obtained by the processing in FIG. 9; 
FIG. 11 is a flowchart showing medium determina- 
tion processing that determines medium types; and 
FIG. 12 is a flowchart showing medium determina- 
tion processing that follows the processing in FIG. 
11. 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0015] A preferred embodiment of a medium detect- 
ing device according to the present invention will be de- 
scribed in detail below. 

[0016] FIG. 1 shows a schematic external view of a 
printing unit of an ink-jet, large format printer according 
to the present invention. It should be noted that the 
present invention is not limited to a device using the ink 
jet recording method. 

[0017] Referring to FIG. 1, a carriage 12, on which 
four color heads 1 0 are mounted, moves back and forth 
in the carriage movement direction (Y) along a guide rail, 
driven by an endless wire turned by a carriage motor 
(none of those shown). A linear scale sensor 61 mount- 
ed on the carriage 1 2 detects the stripe patterns or slits 
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on a linear scale 62 provided at regular intervals along 
the guide rail to identify the current position of the car- 
riage 1 2 (and, hence, a medium sensor 1 8). The position 
of the carriage 12 may be identified not only by using 
5 the linear scale 62 but also by using a rotary encoder or 
counting the number of driving pulses of the carriage 
motor. In the figure, numeral 13 indicates a flat cable 
through which power and various signals are supplied 
from an engine controller (not shown) to the heads 10. 
10 This flat cable 1 3 is drawn out from inside a plate 11 . 
[0018] On the other hand, a medium 14 on which the 
heads 1 0 print is driven by a conveyance motor 63 and 
is conveyed on the platen 20 in the paper conveyance 
direction (X) almost at right angles to the carriage move- 
's ment direction via a conveyance roller 1 6 and a pinch 
roller 15 (FIG. 2). Below the platen 20 (FIG. 2) is provid- 
ed a suction fan 19 (FIG. 2) that sucks the medium 14 
onto the surface of the platen 20 via air holes (not 
shown) provided on the platen 20. A medium sensor 17 
20 provided in the conveyance path of the medium 14 de- 
tects whether or not the paper is set. 
[001 9] The paper load sequence will be described be- 
low. As shown in FIG. 2, the operator releases the pres- 
sure of the conveyance roller 16 and the pinch roller 15 
25 and inserts the medium 14 between them. When the 
medium sensor 1 7 in the printer body detects that the 
medium 14 is set, the suction fan 19 starts sucking the 
medium 14 onto the platen 20. After setting the medium 
14, the operator applies pressure on the conveyance 
30 roller16againtostarttheloadsequence. Next, the print- 
er moves the carriage 12 in the main scanning direction 
to detect the right and left edges of the medium with the 
medium sensor 18 on the carriage 12. Next, the printer 
moves the carriage 12 approximately to the center of 
35 the medium and, while conveying the medium back- 
wards (to the left side in FIG. 2), detects the leading 
edge of the medium with the medium sensor 18. The 
printer then moves the medium to a predetermined po- 
sition where printing is to start and enters the standby 
40 state. After printing one band, the printer moves the me- 
dium 14 one band in the direction perpendicular to the 
movement direction of the carriage 12. This operation 
is repeated until one sheet of medium is printed. 
[0020] Next, FIG. 4 shows the detailed configuration 
45 of a medium detection unit 21 that may be used as the 
medium sensor 18. In the figure, numeral 41 indicates 
a light emitting diode (LED) that emits light onto the sur- 
face of the medium 1 4 at an angle of about 40 to 45 
degrees, numeral 42 indicates a convex lens that direct- 
so iy detects the medium 14, numeral 43 indicates a light 
shielding cylinder that shields external light and focuses 
light on a detection object, and numeral 44 indicates a 
photodiode that detects the medium 1 4. In addition, nu- 
meral 45 is a phototransistor that detects light that is 
55 sentfrom the light emitting diode 41 and that is reflected 
back from the medium. These parts (41-45) are stored 
in one housing. 

[0021] FIG. 5 shows a control block diagram of a print- 
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er in this embodiment. Referring to FIG. 5, the operation 
that is executed from the time when image data is en- 
tered to the time when the image data is transferred to 
the print head 10 will be described. 
[0022] An image input controller 201 accepts image 
data via an external interface. The image input controller 
201 immediately outputs a DMA request (REQ1 ) to an 
MPU 204. In response to this request, the MPU 204 
transfers the input image data to an image memory 202 
in the DMA mode and, at the same time, returns a DMA 
acknowledge (ACK1) to the image input controller 201 . 
[0023] In addition, the MPU 204 transfers the image 
data to a head controller 203 to start printing. Upon re- 
ceiving the image data, the head controller 203 transfers 
print data to the print head (10 in FIG. 1) based on the 
count value of the linear scale signal entered from the 
linear scale sensor 61 in synchronization with the move- 
ment of the carriage 12 and, at the same time, sends 
the print pulse to the head 10 to print data. When the 
image data in the head controller 203 is exhausted, the 
head controller 203 makes an image data request to the 
MPU 204 (DMA2). Note that a home position sensor21 0 
is located at a predetermined position within the plotter 
to define the reference position related to the movement 
of the carriage 12. 

[0024] The MPU 204 drives, via a drive controller 206, 
the conveyance motor 63 that conveys the printing me- 
dium and a carriage motor 208 that reciprocates the car- 
riage. 

[0025] Numeral 21 5 indicates a medium sensor circuit 
that uses the medium detection unit 21 shown in FIG. 
4. Its detailed circuit will be described later with refer- 
ence to FIG. 6. Instructions from the user are issued, 
and messages to the user are displayed, via an opera- 
tion panel 211. 

[0026] The MPU 204 performs the control operation 
described above in accordance with the control program 
stored in a program memory 205. 
[0027] FIG. 6 shows an example of the configuration 
of the medium sensor circuit 21 5 using the medium de- 
tection unit 21 shown in FIG. 4. 
[0028] The light emitting diode 41 can adjust the 
amount of light linearly using a signal 5c output from the 
MPU 204. The output current from the photodiode 44 is 
amplified by a current amplifier circuit 52 and is input to 
an analog port of the MPU 204 as a signal 5a. The output 
from the phototransistor 45 is input to another analog 
port of the MPU 204 as a signal 5b. 
[0029] Next, the read correction method of the pho- 
totransistor 45 will be described. First, a reference me- 
dium with a relatively low transmittance is set, and the 
sensor correction mode is executed. The reference me- 
dium, a printing medium for use in obtaining a correction 
value, may be a white plain paper. FIG. 9 shows the flow- 
chart of the processing procedure for this sensor cor- 
rection mode. 

[0030] When the sensor correction mode is started, 
the carriage is first moved onto the reference medium 
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(S11) and the LED 41 is turned on (S12). The amount 
of light (lighting current, that is, LED driving level) of the 
LED 41 is increased, one step at a time, until the output 
signal 5a of the current amplifier circuit 52 connected to 

s the photodiode 44 reaches a predetermined reference 
current Mi (S13, S14). Next, the carriage is moved onto 
the platen (S15), and the current Pi of the signal 5a on 
the platen is detected (S1 6). Afterthat, the position RyO 
of the paper edge is obtained (S17). That is, with the 

10 threshold value as (Mi + Pi)/2, the carriage is scanned 
as shown in FIG. 7(a) while monitoring the signal 5a 
such that the carriage crosses the paper edge. At this 
time, the value of the linear scale 62 is obtained when 
the signal 5a crosses the threshold value. Based on this 

'5 value, the position RyO of the paper edge is obtained. 
[0031 ] Next, the carriage is moved onto the same ref- 
erence medium (S1 8), and the LED is turned on (S1 9). 
The amount of light is increased, one step at a time, until 
the output signal 5b of the phototransistor 45 reaches a 

20 predetermined reference current TMi (S20, S21). The 
value of TMi may be equal to the value of Mi. After that, 
the carriage is moved onto the platen (S22), and the cur- 
rent TPi of the signal 5b on the platen is detected (S23). 
As shown in FIGS. 7(a) and (b), the difference between 

25 the two sensors in the waveform slopes of the signals 
that change at the paper edge indicates that there is a 
difference in the detection position. Thus, the paper 
edge position Ry1 is detected for the same paper edge 

(524) . More specifically, with the threshold value as (TMi 
30 +TPi) 12, the carriage is scanned as shown in FIG. 7 (b) 

while monitoring the signal 5b such that the carriage 
crosses the paper edge. At this time, the value of the 
linear scale 62 is obtained when the signal 5b crosses 
the threshold value. Based on this value, the position 
35 Ryi ofthepaperedgeisobtained. Finally, the difference 
DiffO between the paper edge positions RyO and Ry1 is 
stored in a memory (not shown) in a non-volatile manner 

(525) . The sensor correction value may be obtained in 
this way. 

40 [0032] With respect to an object, such as a plain pa- 
per, which can be detected by the photodiode 44, the 
operator determines the amount of light of the LED 41 
in the same sequence as that for detecting RyO de- 
scribed above in order to detect the width and the lead- 

45 jng edge position of the medium. 

[0033] Next,withreferencetotheflowchartinFIG.10, 
the processing procedure for detecting the paper edge 
based on a sensor correction value obtained in this way 
will be described. This procedure is particularly useful 

so when an object, such as a clear film, which cannot be 
read by the sensor (photodiode) 44 is set. 
[0034] First, the carriage is moved onto a medium to 
be detected (S31), and the LED is fully lighted (S32). 
Then, a check is made to see if the output signal 5a of 

55 the current amplifier circuit 52 based on the sensor 44 
is equal to or larger than the reference current Mi (S33). 
If it is equal to or larger than Mi, the medium is deter- 
mined to be a low-transmittance medium and a high- 
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accuracy detecting sequence is executed for the posi- 
tion RyO using the sensor 44 described above. That is, 
the LED is turned on again (S34) and then the amount 
of light is increased such that the output signal 5a from 
the sensor 44 reaches the reference current Mi (S35, 
S36). Then, the carriage is moved onto the platen (S37) 
and the current Pi of the signal 5a on the platen is de- 
tected (S38). Then, the procedure described above is 
used to detect the position RyO of the paper edge (S39). 
[0035] If the output signal 5a from the sensor 44 is 
smaller than the reference current Mi in step S33, the 
medium is determined to be a high-transmittance medi- 
um and a low-accuracy detecting sequence is executed 
for the position Ry1 using the sensor 45 described 
above. That is, the LED is turned on again (S40) and 
then the amount of light is increased such that the output 
signal 5b from the sensor 45 reaches the reference cur- 
rent TMi {S41 , S42). Then, the carriage is moved onto 
the platen (S43) and the current TPi is detected (S44). 
Then, the procedure described above is used to detect 
the position Ry1 of the paper edge. Adding the correc- 
tion value DiffO described above to the paper edge po- 
sition Ry1 obtained as a result of processing above 
gives the corrected paper edge position, that is, a high- 
accuracy paper edge position RyO (S46). 
[0036] The sensor correction mode shown in FIG. 9 
may be executed either at factory shipment time or un- 
der instructions from the operator after shipment. In 
some cases, the printer may execute the sensor correc- 
tion mode automatically after a plain paper is set. 
[0037] Next, this detecting device capable of detect- 
ing the difference in the transparency of various types 
of media may be used, as an application of this detecting 
device, to determine the type of media, such as a plain 
paper, tracing paper (semi-transparent), clear film 
(transparent), and so on. This makes it easy to build a 
system that automatically finds a printing mode to be 
used. The principle will be described with reference to 
FIG. 8. 

[0038] As shown in FIG. 8 (a), the amount of the LED 
current Lia required for the output signal 5a from the 
photodiode 44 to reach Mi (LED driving level) on a me- 
dium depends largely on the type of the medium. The 
example shown in the figure indicates that the required 
amount increases in order of a plain paper, a tracing pa- 
per, and a clear film. Especially, in the case of a clear 
film, the signal does not reach Mi even if the LED is fully 
lighted. In contrast, as shown in FIG. 8(b), the amount 
of the LED current Lib required for the output signal 5b 
from the phototransistor 45 to reach Tmi does not de- 
pend largely on the type of the medium. As a result, the 
current difference Di between the LED current Lia and 
the LED current Lib depends largely on the type of the 
medium (DM < Di2 < Di3) as shown in FIG. 8(c). That 
is, Di2 that is the difference associated with a tracing 
paper is largerthan DM that is the difference associated 
with a plain paper, and Di3 that is the difference asso- 
ciated with a clear film is much larger. 



[0039] In this way, the type of medium may be deter- 
mined based on the characteristics of the two sensors. 
In addition, the determination result may be used to au- 
tomatically select a printing mode most suitable for a 
5 medium, for example, a standard (color standard) print- 
ing mode for a plain paper, a monochrome high-resolu- 
tion printing mode for a tracing paper, and a color high- 
resolution printing mode (ink dry time considered) for a 
clear film. 

w [0040] FIG. 11 and FIG. 12 show the flowcharts for 
medium determination processing in which the type of 
medium is determined. 

[0041] First, the carriage is moved onto the medium 
(S51 ), and the LED is turned on (S52). Then, the amount 

is of light is increased, one step at a time, until the output 
signal 5b of the phototransistor 45 reaches the refer- 
ence amount of light TMi (S53, S54). If the LED is fully 
lighted during this period (S55, Yes), it is determined that 
medium detection has failed (S56). 

20 [0042] After the signal has reached the reference 
amount of light TMi, the amount of LED current (Lib) at 
that time is stored. Then, the LED is turned on again 
(S58), and the amount of light is increased, one step at 
a time, until the output signal 5a from the photodiode 44 

25 reaches the reference amount of light Mi (S59, S60). If 
the LED is fully lighted during this period (S61, Yes), 
control is passed to step S62. 
[0043] In step S62, the amount of LED current (Lia) 
at this time is stored. 

30 [0044] In FIG. 12, if the absolute value ILib - Lial of 
the difference between the amounts of two currents falls 
between the predetermined threshold values D1 and D2 
(S63, Yes) , then the medium is determined to be a trac- 
ing paper (S64). If the absolute value of the difference 

35 is larger than the threshold value D2 (S65, Yes), the me- 
dium is determined to be a film (S66). If none of those 
conditions is satisfied, the medium is determined to be 
a plain paper (S67). With the printing mode in the auto- 
matic setup mode, printing is done in a predetermined 

40 printing mode according to the type of medium that has 
been determined in this way. 

[0045] While the preferred embodiments of the 
present invention have been described, various modifi- 
cations and changes are possible. For example, some 

45 users may use mediums different from the above-men- 
tioned reference mediums. In that case, the range of val- 
ue Di (or threshold value) may be allocated to each me- 
dium and store the corresponding printing mode into the 
printer body to customize the correspondence between 

so the LED driving level and the medium type (and the 
printing mode). 

[0046] In addition, the sequential steps shown in the 
flowcharts need not be in the order described above. 

55 INDUSTRIAL APPLICABILITY 

[0047] The present invention provides means to im- 
plement a detecting device capable of reading from var- 
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ious types of media with high accuracy. The ability to 
detect a difference in the transmittance of media ena- 
bles the type of medium to be identified and, in addition, 
the best-suited printing mode to be selected for each 
medium. 



Claims 

1. A medium detecting method for use in a printer 
wherein said method detects an edge position of a 
printing medium while scanning the printing medi- 
um, said method comprising the steps of: 

scanning a relatively-low-transmittance refer- 
ence medium with a first medium sensor and a 
second medium sensor each to detect an edge 
position of the reference medium, said first me- 
dium sensor being capable of detecting a rela- 
tively-low-transmittance printing medium with 
high accuracy, said second medium sensor be- 
ing capable of detecting a high-transmittance 
medium with low accuracy; 
calculating a difference between the edge po- 
sitions as a correction value; and 
if, when detecting any given printing medium, 
it is difficultfor the first medium sensor to detect 
the printing medium, said second medium sen- 
sor is used to detect the medium to correct a 
resulting edge position with the correction val- 
ue. 



3. The medium detecting device according to claim 2, 
further comprising a light source that emits light on- 
to the printing medium obliquely; a first photo-sen- 
sorthat detects diffused light of the printing medium 

5 from right above the printing medium and that acts 
as said first medium sensor, and 

a second photo-sensor that accepts a light 
from the lightsource reflected upward and obliquely 
on the printing medium and that acts as said second 

io medium sensor. 

4. The medium detection device according to claim 3, 
further comprising a medium detection unit which 
contains said light source, first photo-sensor, and 

15 second photo-sensor in one housing. 

5. The medium detection device according to claim 3, 
further comprising medium determination means 
for calculating, for any given printing medium, a first 

20 driving level of said light source for outputting a pre- 
determined sensor output amount of said first pho- 
to-sensor and a second driving level of said light 
source for outputting a predetermined sensor out- 
put amount of said second photo-sensor and, 

25 based on a difference between the two driving lev- 
els, for determining a type of the printing medium. 

6. A printer that uses the medium detection device ac- 
cording to claim 5, comprising a printing mode set- 

30 ti ng means for setting a print mode according to the 
type of the determined printing medium. 



2. A medium detecting device for use in a printer 
wherein said device detects an edge position of a 
printing medium while scanning the printing medi- 35 
urn, said device comprising; 



a first medium sensor capable of detecting a 
relatively-low-transmittance printing medium 
with high accuracy; to 
a second medium sensor capable of detecting 
a high-transmittance medium with low accura- 
cy; 

means for scanning a relatively-low-transmit- 
tance reference medium with said first medium ts 
sensor and said second medium sensor each 
to detect an edge position of the reference me- 
dium; 

means for calculating a difference between the 
detected edge positions; 50 
means for storing the difference as a correction 
value in a non-volatile manner; and 
correction means for detecting the medium with 
said second medium sensor when it is difficult 
to detect the printing medium with said first me- 55 
dium sensor and for correcting a resulting edge 
position with the correction value. 
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FIG. 3 ( a ) MEDIUM SENSOR 



PHOTOTRANSI STOR 22 



FIG. 3 (b) MEDIUM SENSOR 

.34 PHOTODIODE 



CONVEX LENS 32 
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/ CURRENT CHARACTERISTICS OF 
F I G. 8 (b) led 41/PHOTOTRANSISTOR 45 ON MEDIUM 

PLAIN PAPER 

CLEAR FILM 



•TRACING PAPER 




J \ Lib2 



F IG. 8 (c) 

Dil=|Libl-Lial| 
Di2=|Lib2-Lia2| 
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